ABSTRACT From 1986 to 1990, we conducted our second longitudinal study in the central (upstate) New York (CNY) area on the wild avian hosts of eastern equine encephalomyelitis (EEE) virus. Field-collecting methods mirrored a study conducted from 1978 to 1980 at the same endemic focus. Over the 5-yr study period, we captured 6,296 birds representing 99 species and took 4,174 blood samples from representatives of 83 species. Gray catbirds, song sparrows, and veerys were the three dominant species captured and bled, accounting for 40 and 55% of birds captured and bled. Blood clots were assayed for virus and sera tested for hemagglutination-inhibition (HI) antibodies to EEE and Highlands J virus. Virus isolations from birds deÞned two epiornitics of EEE virus in 1988 and 1990 , and an epiornitic of HJ virus in 1986. Infected birds responded with the production of HI antibodies with titers indicative of recent infection (HI Ն 1:160), and titers of sera positive during the epiornitics were signiÞcantly higher than positive sera during nonepiornitics. The 1990 EEE epiornitic extended from mid-July to the end of September, providing data to compare infection rates among species, habitats, and combinations of species with habitats. Few signiÞcant differences were found. The HJ epiornitic was only the second time this virus has occurred in CNY. Song sparrows were identiÞed as the primary amplifying avian host of both viruses, although our capture and serological data would suggest a role for gray catbirds as the species most likely involved in yearly virus reintroduction. However, the cryptic nature of enzootic virus maintenance remains unresolved for the CNY virus foci. The appearances of HJ and EEE viruses were not epidemiologically linked, and there were no virus isolations from adults returning on site or virus isolations without concurrent isolations from mosquito vectors. Whether EEE and/or HJ virus are consistently present in or sporadically introduced into the inland foci of CNY area still has not been determined.
IN 1978, THE Shad C. Slade Encephalitis Field Station was established as a cooperative effort of the New York State and Oswego County departments of health. The station is on the edge of the Toad Harbor-Big Bay Swamp complex, herein called Toad Harbor Swamp (THS), in Oswego County, New York (Fig. 1) . The Þeld station was to be the base for conducting studies on the epizootiology of eastern equine encephalomyelitis (EEE) and EEE virus in a natural swamp ecosystem.
Beginning in the 1980s, our research objectives included the study of bird and virus interactions (Morris et al. 1980a ). Emord and Morris (1984) described the results of a study from 1978 to 1980 on the seroprevalence of EEE virus in birds at THS. Prevalence rates (hemagglutination-inhibition titer Ͼ1:20) were highest among moderate-to large-sized birds (veerys, gray catbird, and wood thrush); seasonal prevalence was highest in June; adult birds had a higher seroprevalence rate than hatching year (HY) birds; and birds netted in wooded habitats had higher prevalence rates than those collected in Þeld habitats (Emord and Morris 1984) . However, the seroprevalence rate declined each of the 3 yr of the study; the seroprevalence rate for HY birds was Ͻ1%; there was no equine EEE and only two isolations of EEE virus (Howard et al. 1983, Emord and Morris 1984) . No avian surveillance was conducted in 1981. In 1982, birds were bled only during September, and we documented the Þrst evidence of Highlands J (HJ) virus in the central (upstate) New York (CNY) area (Howard et al. 1988 ). From 255 bloods tested, there were 11 isolations of HJ virus and a 10% (n ϭ 26) seroprevalence rate to HJ virus. Three HY birds were also seropositive for EEE virus.
This initial appearance of HJ virus in CNY was considered an indicator of potential EEE activity in 1983, and we included wild bird surveillance in our 1983 EEE virus surveillance program at THS. Between 16 May and 15 August 1983, we collected 500 blood samples from 434 birds. However, there was no virus isolated from 397 sera assayed, prevalence rates for EEE and HJ viruses were only 6 and 4%, respectively, and all seropositive birds were adults netted in May or June. Although there was limited virus activity at THS, we recorded our second fatal human case of EEE associated with Cicero Swamp, 10 km south of THS, in Onondaga County (Morris et al. 1980 , Howard et al. 1988 . That two nearby foci could have substantially different levels of detectable EEE virus activity again suggested that in CNY EEE virus was of local origin and could be localized in only one area.
There was no avian surveillance conducted during 1984 and 1985, but in 1986 we reinitiated annual avian surveillance with the following aims: to monitor the bird population during an EEE epizootic; to determine the response of species and individuals to infection with EEE virus; and to deÞne the role of birds in the introduction of virus into EEE foci in CNY. This publication will report on the results of 5 yr of avian surveillance at THS that included 2 yr in which EEE virus epiornitics occurred.
Materials and Methods
Avian Surveillance. Annual mist-netting of birds was planned to occur seasonally. All netting sites were located within walking distance of the Field Station and included many of the habitat types that had been sampled by Emord and Morris (1984) . These included open Þelds, hedgerows along open Þelds, woods-Þeld edge, dry woods, an abandoned apple orchard, and the swamp edge (Fig. 1 ).
Birds were netted in 12 or 5 by 2.9 m, 36-mm mesh Japanese mist nets. Each net site was an individual 12-m net or a 12-m net with a 5-m net set at a 90Њ angle. Hand tools were used to clear the net lanes of ground and overhanging vegetation. Nets were set so the lowest tier was as close to ground level as practical. Nets were opened within an hour of sunrise and closed no later than noon each day of operation. Nets were set in two or three habitat types per week and habitats were rotated each week. The number of nets set in each habitat varied, but generally no Ͼ25 nets were opened during any 1 wk. Each available habitat type was sampled every 3 wk.
All open net sites were checked at 45-min intervals or more frequently if weather conditions warranted. Netted birds were placed individually in 24 by 21-cm cloth bags Þtted with a string tie. Birds were hand carried to the Þeld station and held until processed in a cell of a 16-celled wooden holding box Þtted with hinged ßaps. Each bird was examined to determine age, sex, and species. Avian nomenclature followed the sixth edition of the American OrnithologistsÕ Union (1983) . Age was determined by examining the plumage, coloration and sequence, feather wear, and coloration of soft parts. HY refers to birds hatched during the calendar year of their capture and includes birds that were nestlings (L). "After hatching year" (AHY) refers to birds hatched in a calendar year before their year of capture. Adult age classes were recorded as "second year" (SY), "after second year" (ASY), "third year" (TY), "after third year" (ATY), "fourth year" (FY), and "after fourth year" (AFY). Birds were sexed (male, M; female, F) by examining plumage coloration, size, presence of brood patch, and/or cloacal protuberance. If age or sex could not be accurately determined, the bird was designated as an age and/or sex unknown (U). At Þrst capture, all birds were banded with U.S. Fish and Wildlife Service (USF&WS) permanent leg bands before being released. All banded birds recaptured were recorded by the USF&WS band number and included all age, sex, species and capture site data.
The study protocol called for the submission of 48 avian blood samples weekly with the potential to double the number of weekly bloods if virus activity was detected. We selected species to bleed based on the prevalence of EEE antibodies from previous studies and their capture status. Emord and Morris (1984) found the highest prevalence rates in locally abundant species that were known to breed on site as determined by repeated captures, within and between years, of banded individuals. Consideration also was given to the ability of individual species to tolerate the trauma associated with taking a blood sample from the jugular vein.
Blood samples were drawn by jugular venipuncture by using disposable 1-cm 3 tuberculin syringes equipped with 1.3-cm (0.5-in.) 27-gauge needles. Depending on the size of each bird, either 0.1 or 0.2 cm 3 of blood was drawn. The blood sample was diluted in the syringe by drawing through the needle Ϸ0.5Ð 0.75 ml of 0.75% bovine phosphate albumin (BPA) from a 12 by 75-mm glass tube containing 1 ml of BPA. The needle was then removed from the syringe, and the blood-BPA mixture was gently expelled back into the glass tube. The glass tube was labeled with a specimen number, and the mixture was stored at 15ЊC for 2Ð 4 h before being centrifuged at 6,000 rpm for 20 min. Serum was decanted into a 12 by 75-mm plastic snap-cap tube and labeled with the corresponding sample number. The tubes with the packed red blood cells and the serum-BPA mixture were frozen on dry ice and remained frozen at Ð70ЊC until submitted for virus assay or serologic testing to the highly infectious unit (HIU) of the Wadsworth Centers for Laboratories, New York State Department of Health.
Birds that were bled were returned to the holding box for 30 Ð 45 min to recover before they were banded, if bled at Þrst capture, and released. Serial blood samples were taken only if a bird was recaptured 7 d or longer after a prior bleeding. All data (band number, date, age, sex, species, and site of capture) were recorded for every capture, including recaptures. Data also reßected birds that died from net stress, handling, or bleeding. If a recaptured bird died, its band was removed and destroyed, which was included in the report submitted to the USF&WS bird banding laboratory for all band numbers used.
Mosquito Surveillance. Routine mosquito and virus surveillance has been continuous at THS since 1978 and was conducted throughout the course of this study. Mosquito surveillance used Centers for Disease Control (CDC) miniature light traps supplemented with CO 2 (Newhouse et al. 1966 ) and diurnal resting shelters (RS; Morris 1984) . Light traps were set two nights per week in the orchard 50 m from the swamp edge and in the Village of Central Square (VCS), 8.0 km west of the Þeld station (Fig. 1) . Collections also were made 2 d a week from three RS sites located 1) on the swamp edge; 2) in a plantation of Scotch pine, Pinus sylvestris L., 1.5 and 5.0 km west of the Þeld station (Fig. 1) ; and 3) in the VCS. Collections were identiÞed to species, sex, and physiological status, and females were pooled by site, method, and status and submitted on dry ice weekly to the HIU for virus assay. Results from yearly mosquito and virus surveillance at these sites have been summarized previously (Howard et al. 1994 (Howard et al. , 1996 , and only results that aid in interpreting our avian study are included here.
Laboratory Techniques. Avian sera were tested against EEE virus (NY strain 69-7836) isolated from a pheasant, and HJ virus (NY strain 78-33495) isolated from Culiseta melanura (Coquillett), both from Suffolk County, Long Island, NY. Bird sera were extracted with acetone before use in a hemagglutination inhibition (HI) test. Because sera were diluted 1:10 or 1:20 in the Þeld, a positive was considered to be an HI titer of Ն1:40. Four-fold changes in HI titers in serial samples (two or more within-year samples from the same bird) were classed as conversions (seronegative to seropositive or four-fold increases), or reversions (seropositive to seronegative). Serial sera with less than or equal to four-fold changes in positive titers were classed as stable antibody titers. Bloods clots from wild birds and mosquito pools were assayed for viruses by using a plaque assay system in duplicate Vero cells as described by Srihongse et al. (1978) with viral isolates identiÞed by the indirect immunoßuorescent antibody technique of Boromisa and Grayson (1990) . Inoculated cells were observed for cytopathic effect for only 4 d. Epiornitics were identiÞed by isolations of EEE or HJ virus from mosquitoes or wild avian samples accompanied by HI serological titers indicative of current infection, HI Ն1:160, in at least 5% of the HY birds sampled.
Statistical Analyses. Data were entered for analysis using Statistical Analysis System, Version 6.08 (SAS Institute 1989) at Syracuse University. Variables included band number (preÞx and sufÞx), date of collection, species, age, sex, and mist net site of capture. Individuals bled included all capture variables plus an avian specimen (AV) number for sera and packed blood cells. Laboratory results used the AV number, and results from virus assays and serological tests were numerically coded. To determine whether there were differences in the HI antibodies between seropositives collected during epiornitics and seropositives during the nonepiornitic period or periods, we used the coded numeric values for the HI titer levels to calculate mean HI titers for periods, age, and antigen. Sta-tistical analyses included frequencies, means, t-test, 2 , and analysis of variance (ANOVA). Within-and between-year captures and bleeds were tracked through the creation of two variables: numbers of captures or bleeds in current year (CTY or BTY) and capture or bleed totals (CTOT and BTOT). Upon Þrst capture or Þrst bleed, the bird was assigned values of 1 and 1 for CTY and CTOT or BTY and BTOT. At each recapture during the year it was Þrst banded, the CTY and CTOT or BTY and BTOT values increased by 1. If a banded bird was recaptured in a subsequent year, the CTY and BTY values were reset at 1, but the CTOT and BTOT were consecutively increased by 1 from the last capture or bleed value of the previous year. These variables were used with Boolean operators to count the within-and between-year captures or serial blood samples for individual birds or species. There were 4,174 blood samples drawn from individuals representing 83 species (Table 1) . Sixty-Þve percent (n ϭ 3,216) of the birds Þrst captured were bled, 23% of bloods represented serial within-or between-year blood samples from recaptured individuals, and 12% of captures were not bled. Sixty percent (n ϭ 2,523) of all blood was from the four most frequently captured species, and 78% (n ϭ 3,276) of the blood was from 10 species, which included eight of the top 10 most frequently captured species (Table 1) . The American robin and rufous-sided towhee replaced the yellow warbler and cedar waxwing. The former two species were the 11th and 13th most frequently captured species (Table 1) .
Results

Population
To determine whether the birds bled were a subpopulation of the birds captured, we compared the age and sex distributions of the two groups ( Table 2 ). The proportion of birds of U age was signiÞcantly smaller both for birds captured ( 2 ϭ 48.4, df ϭ 8, P ϭ 0.001) and bled ( 2 ϭ 24.5, df ϭ 8, P ϭ 0.02). However, with the age U birds were dropped from the analysis, the proportion of HY birds captured was signiÞcantly greater than the proportion of AHY birds (n ϭ 6,831, 2 ϭ 27.9, df ϭ 4, P ϭ 0.001), but there was no difference between the proportion of HY and AHY bled each year (n ϭ 4,161; 2 ϭ 14.5, df ϭ 4, P ϭ 0.06). The proportion of birds with sex U (Table 2) was signiÞcantly greater than both for birds captured ( 2 ϭ 16.7, df ϭ 8, P ϭ 0.03) and bled ( 2 ϭ 19.2, df ϭ 8, P ϭ 0.01). However, when this category was removed from the analysis, there was no difference between the numbers of males and females that were captured (n ϭ 3,350; 2 ϭ 5.5, df ϭ 4, P ϭ 0.23) or bled (n ϭ 1,920; 2 ϭ 4.6, df ϭ 4, P ϭ 0.33). Recaptures. All recaptures of banded birds were birds that had been banded on-site. There were 1,610 within-year recaptures, either recaptures of birds within the same year it was banded (n ϭ 1,312) or multiple recaptures of birds Þrst banded in a prior year (n ϭ 298). The 340 between-year recaptures included 37 birds that were banded in a year before 1986. Seventy-three percent (n ϭ 741) of the serial blood samples were within-year samples and 23% (n ϭ 217) were between-year samples, including blood drawn from 23 birds banded in a year before 1983.
There were 27 birds that were captured six or more times with a cumulative total of 292 captures. Nineteen of these birds were captured 10 or more times, including two birds captured 17 times each: a gray catbird Þrst banded in 1986 and a veery Þrst banded in 1988. Only three birds were captured in each of the Þve study years: a golden-winged warbler captured 10 times, and two veerys captured 12 and 13 times each. Older birds included a yellow warbler Þrst captured on 20 July 1979 and recaptured for the eighth time on 6 July 1988; a common yellowthroat Þrst captured on 10 July 1980 and recaptured for the third time on 8 July 1987; and three yellow warblers Þrst captured in 1983 and recaptured for the last time during 1989, having been recaptured three, four, and nine times each, respectively.
There were 221 serial blood samples drawn from the 27 birds captured six or more times. Three birds each had 12 blood samples drawn: two veerys, one Þrst bled in 1986 and the other in 1988; and a wood thrush, Þrst bled in 1987. The two veerys captured each year of the study were bled 11 and 12 times each, and two veerys and a gray catbird Þrst banded and bled in 1986 were recaptured and bled in 3 of 4 yr, including 1990. The golden-winged warbler captured all 5 yr of the study was not bled.
Serial samples also were obtained from Þve birds captured and bled during our study that had been captured and bled in a year before 1986. These were a hairy woodpecker Þrst banded and bled on 1 August 1978 that was recaptured and bled for the second time on 1 August 1988; a veery Þrst captured and bled on 27 May 1980 was bled for the 10th time on 26 June 1990; a veery Þrst captured and bled on 21 July 1979 was bled for the sixth time on 17 June 1986; a veery Þrst captured and bled on 7 September 1982 was bled for the third time on 12 July 1988; and a veery Þrst captured and bled on 25 May 1983 was bled for the eighth time on 12 June 1989. EEE Virus Isolations: Wild Birds. There were 30 isolations of EEE virus from 12 species of birds (Table 1 ). All 30 isolations were made from birds bled during two EEE epiornitics in 1988 (n ϭ 5) and 1990 (n ϭ 25) (Table 3 ). In 1988, virus was isolated from birds bled on 22 August (n ϭ 1), 30 August (n ϭ 3), and 13 September (n ϭ 1). In 1990, EEE virus was Þrst isolated from three HY song sparrows bled during week 28 (16 July), and EEE virus was isolated weekly through week 35 with the 25th isolation was from an HY song sparrow bled 3 September. Of the 30 isolations of EEE virus, the Þrst isolations each year were from HY song sparrows, 26 of 30 were from HY birds, and 10 of the 30 were from song sparrows (Table 1) , eight HY, and two AHY birds. Although more isolations were made from song sparrows than and other species, the highest isolation rates in species were in the solitary vireo and the yellow-bellied, least, and TraillÕs ßycatchers, which had rates of 25, 20, 18, and 5%, respectively. HJ Virus Isolations: Wild Birds. There were eight isolations of HJ virus from six species of birds (Table 1) . Seven of the isolations were from birds bled in August 1986 and deÞned a HJ epiornitic (Table 3) . There were isolations of HJ virus from birds bled on 11 August (n ϭ 2), 12 August (n ϭ 1), 18 August (n ϭ 3), and 20 August (n ϭ 1) 1986. Six of the isolations in 1986 were from HY birds and only one was from an AHY bird. The eighth isolation of HJ virus was from an HY gray catbird bled on 3 September 1987 (Table 3) . EEE Virus Isolations: Mosquitoes. From 1986 to 1989, there were four isolations of EEE virus from mosquitoes (Table 3 ). In 1987, there was a single isolation from Cs. melanura collected during week 33 (17 August) at the CDC site at THS; and in 1988, there were three isolations of virus. There was an isolation from Culiseta morsitans (Theobald) collected during week 27 (3 July 1988) at the RS site at THS, and the other two isolations were from pools of Cs. melanura collected during week 35 (29 August 1988) at two upland sites: the RS site, 5.0 km northwest of THS; and the CDC at the VCS, 8.0 km west of THS (Fig. 1) . Associated with the 1990 epiornitic, there were 33 isolations of EEE virus from mosquitoes collected at the surveillance sites in and near THS. The Þrst isolation was from a pool of Cs. melanura collected during week 29 (23 July) at the RS site on the perimeter of THS, and the last three were from pools of Cs. melanura collected at CDC sites in THS and the VCS, as well as a pool of Cs. morsitans collected in the CDC at THS during week 36 (10 September 1990) (Howard et al. 1996) . During this 8-wk period, there was at least one isolation per week (Table 4) and at least one isolation from each of the Þve surveillance sites. The total number of virus isolations from four mosquito species was Cs. melanura (n ϭ 26), Cs. morsitans (n ϭ 4), Ochlerotatus canadensis (Theobald) (n ϭ 2), and Coquillettidia perturbans (Coquillett) (n ϭ 1).
HJ Virus Isolations: Mosquitoes. The only isolations of HJ virus from mosquitoes were associated with the 1986 HJ epiornitic (Table 3) . Infected Cs. melanura were collected from the CDC sites at THS and the VCS during week 31 (7 August), the week preceding the isolations of HJ virus from birds, and isolations occurred weekly until surveillance terminated during week 38 (25 September). There were 30 isolations of HJ virus from Cs. melanura and one from Cs. morsitans. Positive pools were collected at all Þve surveillance sites.
Seroconversions: Viremic Birds. Of the 30 EEE viremic birds, two AHY and six HY viremic birds had serial blood samples taken. Five birds were bled before the date they were viremic, and all 10 samples from these birds were seronegative. This included serial samples from two AHY birds that were between-year recaptures: a song sparrow viremic on 30 August 1988 was Þrst bled on 11 June 1987, and gray catbird viremic on 19 August 1990 had been bled seven times between 15 June 1988 and 14 August 1989. The other two seronegative samples were within-year serial samples from two HY song sparrows that were bled 1 and 2 wk before the date they were viremic.
Four HY birds were bled following the date they were EEE viremic. Three of the birds were bled 2 wk after the date they were viremic and had HI titers of 1:320 (n ϭ 2) or 1:2,560 (n ϭ 1). The fourth bird had titers of 1:160, 1:640, and 1:320 in bloods drawn 1, 3, and 7 wk postexposure, respectively. The seven postexposure bloods from viremic birds had a mean titer of 7.4. A HY veery bled on 01 August 1990 was both viremic and had a HI titer of 1:320.
Serial samples were collected from only one of the HJ viremic birds, the HY downy woodpecker, viremic on 18 August 1986. Serial samples drawn on 14 July and 11 August 1986 (4 and 1 wk before the viremic sample) were seronegative, but the fourth drawn 10 d after the viremic sample had a HI titer of 1:80. This bird was not bled again, and none of the HJ viremic bloods had HJ antibodies.
EEE Virus: Seroprevalence. Of the 4,039 sera tested for EEE virus antibodies, 14.2% (n ϭ 575) were seropositive (Table 5 ). The yearly prevalence rates were 10% (n ϭ 26) in 1986, 9.2% (n ϭ 28) in 1987, 7.3% 1986 , 1987 , and 23 MayÐ21 Aug. 1988 and 10 JuneÐ15 July 1990 Includes all birds bled and tested from 9 June 1986 to 6 Aug. 1986, and all bled and tested in 1987Ð1990. (n ϭ 33) in 1988, 23% (n ϭ 53) in 1989, and 31.6% (n ϭ 118) in 1990. The overall seroprevalence rate for AHY birds was 16% (n ϭ 258) and 12.7% (n ϭ 316) for HY birds. However, 38% (n ϭ 109) of AHY seropositives and 98% of HY seropositives were collected during the two epiornitic periods, 22 August to 22 September 1988 and 16 July to 24 September 1990 (Table 3 ). There was no difference in the proportions of HY and AHY birds with positive and negative antibody titers during both epiornitics combined (n ϭ 1,123; 2 ϭ 3.08, df ϭ 1, P ϭ 0.80) or during the 1990 epiornitic only (n ϭ 770; 2 ϭ 0.754, df ϭ 1, P ϭ 0.385). Mean antibody titers were calculated from the coded numerical value of the positive sera (HI Ն 1:40 coded value Ն4), and means were compared between positive sera during epiornitics verses positive sera collected during all other collection dates (Table 4) .
The mean HI titer (numeric value) for AHY birds during the EEE virus epiornitics (n ϭ 99, x ϭ 5.80) was signiÞcantly higher than from AHY birds in the nonepiornitic periods [(n ϭ 159, x ϭ 4.70) (t-test: df ϭ 144.8, P Ͻ 0.0001)]. But, the mean HI titer for seropositives HY birds during the epiornitics (n ϭ 310, x ϭ 6.24) was signiÞcantly higher than the mean for AHY birds (n ϭ 99, x ϭ 5.80) (t-test: df ϭ 407, P ϭ 0.004). The same was true for bloods collected during the 1990 epiornitic: HY (n ϭ 285, x ϭ 6.26), AHY [(n ϭ 91, x ϭ 5.81) (t-test: df ϭ 374, P ϭ 0.0058)]. The mean HI titer for all positive HY birds (n ϭ 316, x ϭ 6.21) was also signiÞcantly higher than the mean HI titer for all AHY birds (n ϭ 258, x ϭ 5.12; t-test: df ϭ 572, P Ͻ 0.0001), and the mean HI titer for all positive sera during the epiornitics (n ϭ 409, x ϭ 6.1) was signiÞcantly higher than the mean for positive sera during the nonepiornitic period (n ϭ 166, x ϭ 4.7; t-test: df ϭ 464, P Ͻ 0.001).
We also compared the mean positive titers for AHY birds by sex. There was no signiÞcant difference between the mean titers for females (n ϭ 40, x ϭ 6.0) and males (n ϭ 41, x ϭ 5.5) for both epiornitics combined (t-test: df ϭ 79, P ϭ 0.1197) or during the 1990 epiornitic only (females, n ϭ 34, x ϭ 6.06; males, n ϭ 39, x ϭ 5.44) (t-test: df ϭ 71, P ϭ 0.077). For positive bloods collected during the nonepiornitic period, the mean titer for females (n ϭ 76, x ϭ 4.83) was significantly higher than the mean titer for males [(n ϭ 81, x ϭ 4.56 (t-test: df ϭ 155, P ϭ 0.0484)]. But, the mean HI titer of bloods during the epiornitic was higher in both sexes compared with the mean titers during the nonepiornitic period (females, df ϭ 52.9, P ϭ 0.0002; males, df ϭ 56.1, P ϭ 0.0001).
A majority (65.4%, n ϭ 376) of the seropositives were collected during the epiornitic in 1990 (Table 3) . We used the numerical coded titer to compare the mean antibody titers (ANOVA, P ϭ 0.01) by week (Table 4 ) and species and habitat (Table 6 ). Only the mean titer during the Þrst week (week 28), of the epiornitic was signiÞcantly lower (ANOVA, ␣ ϭ 0.01) than the other 10 wk (Table 4) . For weeks 29 Ð38, the mean titers for all seropositive bloods ranged between 1:160 and 1:320. The epiornitic peaked in mid-August. There were six isolations of EEE virus from birds during week 31 and Þve isolations from birds during week 33, and the seroprevalence rate during week 32 was 69.5% (n ϭ 96). Common yellowthroats had the highest mean titer (Table 6 ), although not signiÞ-cantly higher than other species, and only the American robin and Eastern phoebe had seroprevalence rates Ͻ50% (Table 6 ). Birds netted in the open Þeld habitat had a signiÞcantly higher mean titer than other habitats (Table 6 ), although the seroprevalence rate was similar to the other habitats sampled. There were no signiÞcant differences among means compared by habitat or area (open, open Þeld and hedgerow; edge, Þeld orchard edge and Þeld woods edge; and woods, orchard and woods) for individual species, or when c Combined total for American redstart (n ϭ 2), blue jay (n ϭ 3), ovenbird (n ϭ 2), and swamp sparrow (n ϭ 2), and one each American goldÞnch, brown thrasher, chestnut-sided warbler, eastern wood phoebe, northern ßicker, northern waterthrush, orchard oriole, scarlet tanager, and TraillÕs ßycatcher. species were grouped by size for either habitats or areas: large (i.e., robins, gray catbirds, wood thrush, and veery), medium (i.e., vireos, song sparrows, and eastern phobes), and small (i.e., sparrows, yellowthroats, and gold Þnches). The average titer was Ϸ1:160 for most of the groups and species analyzed.
Seroconversions: 1988 Epiornitic. There were 205 serial samples (range of two to six samples per bird) from 71 birds bled during the 1988 epiornitic. A majority of birds (90%, n ϭ 64, 167 serial samples) were negative in all samples. Of the eight birds with positive samples, six converted, one reverted, and one had paired stable titers. The six conversions were from negative to titers of 1:160 (n ϭ 2) or 1:320 (n ϭ 4). The reversion was a HY rufous-sided towhee that had titers of 1:320, 1:80, and Ͻ1:20 in samples drawn on 1, 7, and 15 September, respectively. The bird with stable HI titers was also a HY rufous-sided towhee with titers of 1:320 and 1:160 in bloods drawn on 15 and 22 September, respectively.
Seroconversions: 1990 Epiornitic. During 1990, there were 212 serial bloods from 100 birds (range of two to four samples per bird) where at least one blood was drawn during the epiornitic (Table 6 ). Seventythree birds were seropositive with 33 birds converting, Þve reverting, and 35 with stable serial samples. The largest conversion was an HY song sparrow that was negative on 16 July and had a titer of 1:1,280 on 12 August. Only one of the reversions was from positive to negative: an HY song sparrow with a titer of 1:80 on 7 August was seronegative on 26 August. An HY song sparrow had four-fold increases and decreases in positive titers, with titers of 1:80, 1:640, and 1:80 in samples drawn on 22 July and 5 and 19 August, respectively. Eleven of the 100 birds were betweenyear recaptures. Six of the birds that were seronegative before the epiornitic converted, whereas Þve birds that were seropositive before the epiornitic had stable antibody titers in samples drawn during the epiornitic. An example of the former is the oldest song sparrow in the study. This bird was negative when Þrst bled on 1 June 1988 and remained negative through an additional seven samples drawn in 1989 (n ϭ 5) and on 16 and 24 July 1990. It was seropositive at 1:160 when bled for the eighth time on 5 August 1990, whereas a gray catbird had paired seronegative samples drawn in June 1986 and 1987 seroconverted to 1:40 in a between-year sample drawn in June 1989, and three more serial samples drawn during 1989 were seropositive at 1:80. Four serial samples were drawn from this bird between 1 July and 13 August 1990, and all four were seropositive with titers of 1:80, 1:160, 1:40, and 1:40.
Eighty-six percent of the negative samples (n ϭ 394; Table 3 ) were from birds bled only once, and of the 27 birds with seronegative serial samples during 1990, 77% (n ϭ 21) had paired samples in June and July or July only. An HY rufous-sided towhee was seronegative in triplicate samples drawn on 7 and 19 August and 11 September.
HJ Seroprevalence. Of the 4,032 sera tested for HI antibodies, 7.7% (n ϭ 312) were positive for HJ virus (Table 5 ). The numbers of birds of known age tested during the epiornitic and interepiornitic periods are summarized in Table 3 . There were 205 birds of known age bled during the 1986 epiornitic, 50 AHY and 155 HY (Table 3) . There was no signiÞcant difference in the proportions of positive or negative birds for these two groups ( 2 ϭ 0.246, df ϭ 1, P ϭ 0.62). The average titer for all positive HY birds (n ϭ 88, x ϭ 5.6) was signiÞcantly higher than for AHY birds (n ϭ 224, x ϭ 4.9; t-test: df ϭ 126.6, P ϭ 0.0003). The average titer in AHY and HY birds was signiÞcantly higher during the epiornitic period (AHY, n ϭ 21, x ϭ 6.47; HY, n ϭ 59, x ϭ 6.1) than during the interepiornitic period [(AHY, n ϭ 203, x ϭ 4.7; HY, n ϭ 29, x ϭ 4.5) (t-test, AHY, df ϭ 20.1; HY, FЈ ϭ 3.52. df ϭ 85.4, P ϭ 0.0001 for both). However, during the epiornitic, the average titer for AHY birds (n ϭ 21, x ϭ 6.5) was higher but not signiÞcantly higher than for HY birds [(n ϭ 59, x ϭ 6.13; t-test: df ϭ 78, P ϭ 0.4029)]. This was also true for the interepiornitic period (AHY, n ϭ 203, x ϭ 4.7; HY, n ϭ 29, x ϭ 4.5) (t-test, df ϭ 203, P ϭ 0.2779). The mean antibody titer for all positive sera during the epiornitic (n ϭ 80, x ϭ 6.2) was signiÞcantly higher than the mean for all positive sera during the interepiornitic period (n ϭ 232, x ϭ 4.7; t-test, df ϭ 102.6, P Ͻ 0.001).
HJ Seroconversions: Epiornitics. A total of 79 serial within-year samples were tested from 33 birds. The number of samples per bird ranged from two to Þve. Thirty bloods were from 13 birds that converted (10 HY and two AHY), and one AHY bird had stable antibody titers in paired samples. The remaining 49 bloods from 19 birds were all seronegative. The largest change in antibody titer was in an HY gray catbird that converted from negative to 1:320 and 1:1,280 in serial samples drawn on 18 August and 1 and 10 September 1986, respectively. An AHY black-capped chickadee also converted from negative to 1:1,280 in paired samples drawn on 25 June and 9 September 1986, respectively. The most samples from one bird were Þve seronegative samples from an AHY rufous-sided towhee that was bled Þve times between 10 June and 2 September 1986. EEE Seropositives: Nonepiornitic Period. There were only six HY birds seropositive during nonepiornitic periods (Table 3 ). The average titer was low at Ϸ1:40 x ϭ 4.3) with four birds at 1:40 and two at 1:80. Four of the six HY birds were bled between 13 July and 9 August 1988. The other two samples were from birds bled in July 1987 and 1989. There were no serial samples from these individuals.
The average antibody titer for the 159 AHY-positive samples in the nonepiornitic period was Ͻ1:80 (x ϭ 4.7), and there was little evidence of recent infection among individual birds. There were 68 positive sera from birds bled only once. The highest titer was 1:640 from an American robin bled on 9 September 1986. The other 91 positive sera were serial samples from 48 birds. Only 11 of these birds converted (n ϭ 6) or reverted (n ϭ 5) in within-year serial samples. The largest conversion was a gray catbird that converted from seronegative to 1:320 in samples drawn on 24 June and 9 July 1986, and the largest reversion a common yellowthroat that reverted from 1:320 to seronegative in samples drawn on 13 and 20 June 1988. Two additional samples from this bird drawn on 28 June and 4 July 1988 were also seronegative. There were 29 AHY birds that converted between-year, i.e., the Þrst blood drawn in a year after a seronegative sample(s) was seropositive. Two of these birds seroconverted from seronegative to 1:320, but for both individuals these were paired samples taken 3 yr apart. Two other birds seroconverted from negative to 1:160, and whereas one bird had a stable antibody titer in a sample drawn a year later, the other bird reverted to seronegative in a sample drawn 4 wk after the positive sample. All other between-year conversions were from seronegative to titers of 1:40 (n ϭ 13) or 1:80 (n ϭ 12). The individual with the most serial samples was a wood thrush bled 12 times between 9 June 1987 and 7 August 1990. This bird seroconverted to 1:40 between its 10th and 11th samples drawn on 3 August 1988 and 27 June 1989, respectively, and was seropositive at 1:40 when bled for the last time in 1990. The bird with most positives was a gray catbird bled eight times between 9 June 1987 and 7 August 1990. It was seronegative in paired samples in 1987, the third sample drawn on 22 June 1988 was positive at 1:80, a between-year seroconversion, and all Þve subsequent serial samples in 1989 (n ϭ 2) or 1990 (n ϭ 3) were seropositive at either 1:80 (n ϭ 4) or 1:160 (n ϭ 1).
HJ Seropositives: Nonepiornitic Period. There were 29 HJ seropositive HY birds during the nonepiornitic period (Table 3 ). The number of positive sera per year was one in 1986, four in 1987, six in 1988, Þve in 1989, and 13 in 1990. The average antibody titer for these birds was between 1:40 and 1:80 (x ϭ 4.5), although two birds had titers of 1:320, a rufous-sided towhee and a wood thrush bled on 13 August and 31 August 1987, respectively. A within-year serial sample drawn from the rufous-sided towhee on 7 September 1987 was also seropositive but at 1:80. There were Þve other birds with paired within-year samples. Two converted from seronegative to 1:80 or 1:40, and three reverted from 1:40 to seronegative. All Þve of these birds were bled in 1990. Four of the Þve positive birds in 1989 were from a clutch of L ruffed rouse bled on 14 June. The four bloods had titers of 1:160, 1:80, or 1:40 (n ϭ 2).
The average titer for the 203 AHY positive sera (Table 3) , was Ϸ1:80 (x ϭ 4.7), which was higher than the average mean for HY birds. There were 59 positive sera from birds bled only once, but only two birds had titers substantially above the average: a northern oriole bled on 1 June 1987 and a Þeld sparrow bled on 10 September 1987 had titers of 1:640 and 1:1,280, respectively. The other 144 positive samples were from 66 birds with serial within-year or betweenyear samples. There were 13 birds that converted (n ϭ 7) or reverted (n ϭ 6) in within-year serial samples. Three birds had serial samples with above average titers: a gray catbird had a four-fold increase in titers from 1:80 to 1,1,280 in samples drawn on 24 June and 9 July 1986; and two song sparrows converted one to 1:320 and the other to 1:160 in paired samples drawn on 25 July and 6 September 1988, and on 13 August and 12 September 1990, respectively.
Thirty-three AHY birds (n ϭ 33) seroconverted to HJ virus in between-year samples. Nine birds seroconverted with titers above the mean (Ϸ1:80, x ϭ 4.7) with positive tiers of 1:160 (n ϭ 6) or 1:320 (n ϭ 3). The positive between-year titer for the other 24 birds was 1:40 (n ϭ 16) or 1:80 (n ϭ 8). A gray catbird bled eight times in 4 yr was seropositive for all eight samples. This individual had a titer of 1:1,280 when Þrst bled on 9 June 1987, but a second sample drawn on 13 July 1987 had a decreased in titer to 1:320. The third serial sample was drawn on 22 June 1988 was positive again at 1:1,280. Two samples drawn in June 1989 had titers of 1:320 or 1:160, and three samples drawn in 1990, one each in June, July, and August, had titers of 1:160 or 1:80 (n ϭ 2). A gray catbird also had the most positive samples. This bird was bled 11 times between 9 July 1986 and 13 August 1990. It was seronegative when Þrst bled in 1986 and converted between-year to 1:320 in the second sample drawn on 1 June 1987. All nine subsequent samples drawn in 1989 (n ϭ 4) and 1990 (n ϭ 5) were positive at 1:160 (n ϭ 3) or 1:40 (n ϭ 6).
Discussion
The 30 isolations of EEE virus from wild birds recorded during this study is the second highest number reported in the literature (Stamm 1968) and is the highest number recorded from studies conducted on the Atlantic ßyway (Lord and Calisher 1970 , Bigler et al. 1975 , Crans et al. 1994 . The isolation rate (1.03%, 19/1,083) observed during the study of Crans (1994) was higher than ours (0.7%, 30/4,174). However, the isolation rate for the 1990 epizootic (3.2%, 25/793) was exceeded only by the rate of 4.2% (36/855) recorded by Stamm (1968) during a 3-mo study with similar objectives. Our 10 isolations from song sparrows were the highest number recorded from an individual species. Stamm (1968) reported seven isolations from wood thrushes, and Þve each from gray catbirds and veerys. The 19 isolations reported by Crans et al. (1994) were from 13 species with no more than two per species. We previously reported the Þrst isolations of EEE virus from the least, willow, and yellow-bellied ßycatchers, the solitary vireo, and the house wren (Howard et al. 1996) . These new records increase the list of species found naturally infected with EEE virus to 66 species in 25 families.
A role for song sparrows in the initiation of epiornitic activity is suggested by the fact that in both years with epiornitic activity the Þrst isolations from birds were from HY song sparrows. Although EEE virus was isolated from Cs. morsitans collected on 4 July 1998, there was little evidence of EEE virus ampliÞcation until the isolation of EEE from HY song sparrows on 22 August. All epiornitic activity in 1988 followed this isolation. For the 6-wk period between 4 July and 22 August, there were no additional isolations from mosquitoes, no isolations of EEE virus from wild birds, and only four HY seropositive birds, each with low (Յ1:80) HI titers. The 1990 epiornitic also was signaled by the isolation of EEE virus from HY song sparrows, and there was no evidence of EEE virus activity before the isolations from three HY song sparrows bled on 16 July 1990. All mosquito pools and avian sera assayed before this date were negative, and all seropositive birds were AHY birds with low (Յ1:80) HI titers. Additionally, of the three HY viremic song sparrows, one was an L (recently ßedged bird) on the day it was viremic, and one had been aged as an L when it was Þrst captured but not bled 2 wk earlier.
The absence of HJ virus was one of the features that had distinguished the CNY inland foci from coastal foci of EEE virus (Morris et al. 1980a ). The 1986 HJ epiornitic was only the second time that HJ virus has been reported from the central New York area. The initial detection of HJ virus was in 1982, and in 1983 we recorded our second human case of EEE in CNY (Howard et al. 1988) . The appearance of HJ virus occurred after a 4-yr interepizootic period and was followed by epizootic and epidemic EEE that led Morris (1988) to suggest that HJ virus was a precursor to EEE virus. Thus, we anticipated enzootic and possibly epizootic EEE in 1987 after the reappearance of HJ in 1986, although there had been only a 2-yr interepizootic period before the reappearance of HJ. There was minimal EEE virus activity in 1987 with only one isolation of EEE virus from Cs. melanura collected during week 33 (17 August) from the CDC at THS (Table 3) . However, there was also an isolation of HJ virus from a gray catbird bled 2 wk later, 3 September (week 35). Although only a single isolation of each virus, this was the Þrst time that both EEE and HJ virus occurred during the same year at THS or in CNY. The relationship between the two viruses hypothesized by Morris (1988) probably needs modiÞcation to a more generalized statement that the appearance of either virus after an interenzootic or -epizootic period indicates a fundamental change in the endemicity of Alphaviruses in CNY. What this change is or how it occurs is still undetermined but, after a year or more without enzootic or epizootic virus activity, we view the appearance of either virus as a strong indicator of virus activity occurring in the subsequent year.
The initial evidence of the 1986 epiornitic was the isolation of virus from mosquito pools collected in the week preceding the isolation of HJ virus from birds. The infected mosquito pools were generated from collections from CDC light traps at THS and the VCS. We established that the population of Cs. melanura at the VCS is largely composed of individuals that have dispersed from THS (Morris et al. 1980b , Howard et al. 1989 . CDC collections are generally dominated by host-seeking females; thus, in the absence of vertical transmission, the isolation of virus from females collected in CDC traps suggests these females were 2 to 3 wk old based on the calculations of Morris (1984) . However, there was no evidence to suggest that HJ virus was circulating on-site before the isolations from HY birds the following week. Although there were only seven virus isolations from birds during the HJ epiornitic, two were from song sparrows, again suggesting a role for this species in the initiation of Alphavirus ampliÞcation in CNY.
Further illustration of the differences between our inland focus and the coastal foci is our isolation of HJ virus from Þve previously unreported species (Emord 1983) . In this study, we recorded the Þrst isolations of HJ virus from the song sparrow and downy woodpecker, and during the 1982 epiornitic were recorded isolations from the mourning dove, SwainsonÕs thrush, and solitary vireo (Howard et al. 1988) . Including Þve new species found in Main et al. (1988) (swamp sparrow, common ßicker [sic], American robin, common yellowthroat, and purple Þnch), increases the list of species from which HJ virus has been isolated to 33 species in 13 families.
The duration of a viremia based on natural exposure to either EEE or HJ virus is unknown, but it is reasonable to assume that our 7-d interval was too long to isolate virus from the same individual. Viremias produced in birds under laboratory conditions by subcutaneous inoculation or infectious mosquito bite were substantially shorter than our 168-h interval between serial samples (Kissling et al. 1954) . Although only a few individuals, the recapture of birds that were viremic, including birds that we designated as L (newly ßedged), suggests that some birds survive natural infection. There were also 94 birds that seroconverted during the epiornitics, although 50% of the seroconversions were serial samples drawn from song sparrows (n ϭ 26), gray catbirds (n ϭ 14) or veerys (n ϭ 7). These species also accounted for 60% (n ϭ 27) of all seronegative serial samples.
Whether exposed to EEE or HJ virus, individuals of most species on-site during epiornitics responded with the production of HI antibodies indicative of a current infection, i.e., HI Ն1:160. Exposure seemed to be unrelated to habitat, age, sex, or size. During the 1990 epiornitic, there was virtually a 50/50 chance that a netted bird would have antibodies to EEE virus. There were no signiÞcant differences in antibody titers among frequently bled species. The observation that birds netted in open-Þeld habitats had a tendency to have higher antibody titers than birds netted in wooded areas is consistent with our Þnding that hostseeking Culiseta prefer open-Þeld habitats (Howard et al. 1983 ). It was not within the scope of our study to determine whether higher antibody rates in small birds were due to ecological or physiological factors, i.e., are smaller birds found more often in open Þeld habitats or are small birds more susceptible to and/or develop higher and longer viremias than other birds. The highest average antibody titer was found in common yellowthroats and all nine Þeld sparrows tested were seropositive, although the average titer for this latter species was approximately equal to most other species tested. More virus isolations were made from small species, common yellowthroats (n ϭ 5) and HY song sparrows (n ϭ 8), than from large species, gray catbirds (n ϭ 3) or veerys (n ϭ 1), although the two latter species were more frequently sampled (Table 1) . not represent the Þrst evidence of on-site virus circulation in either year. Whereas we dated the 1988 epiornitic from the Þrst viremic bird on 22 August, there was an isolation of EEE virus from Cs. morsitans collected on 4 July 1988. This was one of the earliest isolations of EEE virus ever recorded in the CNY (Howard et al. 1994) . Furthermore, the appearance of EEE virus in mid-July 1990 suggests that virus was of local origin initiated in birds reared on site.
Considering the limitations of our study, the number of blood samples tested per week, the 7-d interval between serial bleedings, and the selection of species to bleed based on the results from previous studies Emord and Morris (1984) , it is possible that we missed the individual that experienced viral recrudescence or that we under sampled an potential important species.
Although not an accurate estimate of the entire bird population, mist-netting provides a reasonable sample of the species active within 2Ð3 m of the ground (Bibby et al. 2000) . We reported that Culiseta prefer to host seek at ground level, deÞned as a height of 1 m (Howard et al. 1988) , and birds that nest within 1Ð3 m of the ground had higher seroprevalence rates than those that nest higher (Emord and Morris 1984, Crans et al. 1994 ). Mist netting is one of the few practical methods of obtaining blood specimens from free-ranging birds in the variety of habitats found at the study site. We were able to repeatedly recapture individuals within-and between-years while netting representatives of 99 species during the 5 yr of the study. We included the capture data from our study to illustrate that the population of birds bled reßected an accurate estimate of the population sampled.
In addition to the absence of virus isolations from early season AHY birds, there was no consistent serologic evidence that early season AHY birds had HI serologies indicative of current or recent infection (HI Ն 1:160). We assume that virus circulation resulting from viral recrudescence would produce an anamnestic antibody response that should be at least equal to or more than the response produced by the initial infection (Theiler and Downs 1973) . There were only three early season serological responses that met or exceeded this level. All three were HI titers of 1:1,280 from gray catbirds. However, these high titers were from birds bled in only 1986 and 1987; two were between-year serial samples from the same bird, and all three were HJ seropositives, not EEE. There was an HJ epiornitic in 1986 and a single isolation of HJ virus from an HY gray catbird in 1987. But, in the year with EEE epiornitics, there were no early serological titers in AHY birds indicative of recent infection that suggested that we had missed virus recrudescence or virus ampliÞcation. Certainly, gray catbirds Þt all the criteria listed by McLean (1991) for the ideal vertebrate host for EEE and HJ viruses. They are abundant and common to all enzootic Alphavirus foci. They have a high reproductive rate, a strong site afÞnity, are long lived, and are susceptible to EEE and HJ viruses. And, it was one of the species on which Crans et al. (1994) based a viral recrudescence hypothesis. However, our most important species seems to be the song sparrow, not the gray catbird. The question of whether EEE and/or HJ virus is consistently present in some cryptic form, annually introduced as a chronic infection in birds or sporadically introduced with migrating birds, remains unanswered for the EEE virus foci in CNY. Despite these uncertainties, we are conÞdent that the two major Culiseta swamp complexes in CNY, THS and Cicero Swamp, inßuence EEE virus and EEE activity in the area, and the risk of EEE to human health can be accurately determined by surveillance for EEE virus at these swamp foci.
